Introduction
Introduction to Biomechanics is a required sophomore course in the Bioengineering curriculum at the University of Pennsylvania focusing on the application of statics and mechanics to biologic systems. To be successful, students must have an understanding of both mathematical and applicable physical/biologic constraints. While mechanics of materials is traditionally taught from an instructor-led, problem solving approach, a complete understanding of the material covered in a biomechanics course should also include a conceptual component which is constrained by the physical world and human biology. Over the past three years of this Introduction to Biomechanics course, it has been observed that students excel at problem solving when the problem resembles an example they have encountered before, but often struggle adapting their problem-solving process when presented with a novel or more complex scenario. Additionally, students struggle to explain the physical meaning of the mathematical formula and have difficulty approximating solutions within the physical bounds.
Previous studies have demonstrated that student-centered, active, inductive learning activities can enhance problem-solving abilities, improve academic achievement and create more positive attitudes toward learning. [1] [2] [3] There is particular interest in incorporating active learning principles into this course because of the dual need to understand both physical concepts and complex mathematics. Historically, the course met twice a week for passive, instructor-led lectures with weekly, small-group, TA-supervised problem solving recitations. Given the previously mentioned student challenges, the course with an enrollment of 58 students was redesigned for the Fall 2014 semester to incorporate active learning principles, with an emphasis on problem scaffolding and connecting mathematical concepts to physical reality. This paper presents a work in progress of the modified course. The course was developed with the following goals which were hypothesized to produce better outcomes using a structured active learning environment. 1. Students should develop a problem-solving framework flexible enough to accommodate new problems and deviations from examples, while still understanding the concepts well enough to effectively communicate their thought process, including explicitly stating the limitations associated with their answers and communicating these assumptions verbally and numerically. 2. Students should gain physical insight into the mathematical equations and develop a contextual instinct for the solution (e.g., magnitude of an answer, tension or compression) Specifically, we utilized in-class, collaborative group problem solving activities, hands-on, guided "discovery labs" and an instant feedback clicker system. Page 26.1408.2
Background
Structured, active, in-class learning (SAIL) is a term used to describe classroom education with an emphasis on learning-by-doing. 2 Class time is built around a variety of activities with clear educational goals meant to engage students in the learning process. These may include group problem solving, interpreting data or evidence, or engaging in practices of the field, such as justifying simplifications or estimating magnitude of an answer.
One specific type of SAIL activity is small-group, in-class solving of a problem based on realworld applications. Students work in small groups to accomplish a common learning goal and are encouraged to use the problem solving process of experienced decision makers: define the situation, state the goal, generate ideas, prepare a plan, take action and check to see if the goal was achieved. 4 This type of collaborative learning activity has been shown to positively engage students in the classroom and emphasize the process of solving a problem, not just the end-goal of obtaining a solution. 2, 5, 6 Even though the work is done in groups, individual performance, attitudes and retention have all been shown to increase with collaborative instructional methods. 3, 7, 8 This technique also provides a support system for struggling students and develops collaborative teamwork skills necessary for success in the engineering field.
5,6
Another type of SAIL activity is guided, discovery based learning. Students are encouraged to interact with objects, notice patterns and ultimately discover information within the provided materials, but without explicit, instructor-led instruction. 9, 10 Debate continues as to the limitations of unassisted discovery based learning; however, guided or enhanced discovery has been shown to lead to greater learning than explicit instruction. 9 Cooperative, hands-on activities designed to serve as "discovery labs" can be used as a means to lead students from a physical description of mechanics to a mathematical description. These kinesthetic/tactile activities can be directly connected to deeper thinking about the how and why of the results. 11, 12 This type of activity reflects a fundamental aspect of the engineering modeling process where an engineer observes a physical phenomenon, e.g. mechanical behavior of a material, and develops ways to quantify the behavior to use in a predictive manner in the future.
The scope of this paper focuses on the development, implementation and planned assessment of SAIL techniques in a Biomechanics course to address our goals and is a work in progress. We dedicated 50% of class time to group problem solving sessions and physical, hands-on activities, and 50% to lectures supplemented with discussion and short feedback questions.
Implementation
To improve students' problem solving abilities, the class was divided into groups of three with each member assigned a specific role (Appendix A). Both groups and roles rotated throughout Page 26.1408.3 the semester. For the group problem solving sessions, a biologically motivated mechanics problem with a design and/or estimation component was distributed to each group. The fundamental mechanics concepts needed to solve the problem were presented in class in the preceding lectures and now students were asked to analyze the problem within the context of the information they had already learned. A problem-solving outline was also provided and began with an estimation of the expected answer and/or a question about simplifying the given information into a solvable statics or mechanics problem to reinforce the course goals. Additional steps required groups to express their equations symbolically before plugging in numbers, identify assumptions and limitations of their methods, and evaluate the practicality of their final answer. Outlines contained more detailed guidance in the beginning of the semester (see Appendix B) and became less detailed as the semester progressed. Students were encouraged to discuss and develop conclusions together and to ensure all members of the group were confident in the steps before moving forward. During the problem solving sessions, two faculty members and two graduate TAs circulated throughout the room to help answer questions.
To aid in gauging class progress, groups had access to a flag system (e.g. green, yellow and red flags in a block on the table). This method helped identify if there was a particularly difficult step which the class as a whole needed to regroup and clarify or if students were progressing rapidly through the material and future problems should be made more challenging. Solutions to the problems were posted online after class, and assignments were graded with emphasis on the problem solving process instead of the final answer.
Hands-on activities introduced concepts that the students had not previously studied. Rather than presenting the mathematical derivation as the introduction to a topic, students were again divided into groups and given materials and actions to impose on these materials, e.g. loading in bending. A provided outline for these "discovery labs" aimed to help the students to first observe and describe a physical phenomenon and then describe it mathematically. For example, this past semester we had students build different types of supports out of wood, screws and string to represent different joints in the body, i.e. the elbow as a hinge between two pieces of wood. They were then asked how these joints resisted translational and rotational motion -the physical corollary to reactions in mechanics. Other hands-on activities included deriving the quantities of stress and strain using elastic and a spring scale (see Appendix C), observing shear strains under torsional loading in a foam pool noodle and exploring beam bending with a piece of Neoprene.
In order to transition these activities into the course, some of the traditional lecture material was moved outside of class time. Three video lectures were created to follow some of the hands-on activities for online, post-class viewing. These lectures were limited to a maximum of 15 minutes and focused on connecting the hands-on activity performed by the students to the mathematical description of the phenomena. In order to encourage students to take an active role in their own learning and to ensure students were participating in the out-of-class material, we also instituted short, online comprehension quizzes to be completed after viewing the videos for a minimal Page 26.1408.4
portion of the final grade. Material that had previously been identified as problematic for introductory students remained in lecture format punctuated by interactive questions. To engage the class, Learning Catalytics, an instant feedback system where answers are recorded using a student's laptop, tablet or smartphone, was utilized. Questions ranged from stating a basic concept to computing a mathematical answer for a simplified problem.
Assessment
Three exams were administered during the semester and incorporated "big-picture" concept questions in addition to traditional, numerical mechanics problems. Throughout the semester, instant feedback "clicker questions" in multiple choice or short answer format were utilized to review material, assess student understanding and prepare for the concept questions on the exams. Because exam solutions are released each year, matched exam questions with previous, non-SAIL formatted years are not feasible. However, the topic(s) and goal for each problem along with the average problem score will be tabulated and compared across years to identify if any patterns exist.
A variety of non-exam assessments were also administered in collaboration with the University's Center for Teaching and Learning. A concept inventory quiz was administered at the beginning and end of the semester based on previously published question inventories. 13, 14 The questions included concepts that should have been recalled from prerequisite courses as well as material that would be learned throughout the course of the semester. These same concept inventories were administered the year before in the non-SAIL formatted course and will be compared to the SAIL formatted course. The concept inventories will be evaluated for increases in new knowledge (beginning to end of the semester) but also for trends in solidifying fundamental physics concepts that may have been forgotten coming into the semester.
Additional evaluation will be conducted using a pre-, mid-and post-semester survey distributed using the online survey system Qualtrics. Once compiled, this software will allow for correlation between student comments, ratings, confidence in their abilities, preparation for class and global trends associated with final grades in the course blinded to the instructors. The survey will also evaluate if previous exposure to a SAIL formatted course influences student expectations. Since SAIL freshman course offerings are becoming more common at our University, we plan on continuing to evaluate the results in the years ahead.
Summary
Moving forward, the assessment data associated with the Fall 2014 semester will be analyzed and faculty impressions recorded before deciding which aspects of the course were most successful. Preliminary qualitative feedback suggests that while students were initially wary of Page 26.1408.5
the new format, as the course progressed they found the activities beneficial. Students often reflected on how much they liked the support of their peers in group sessions and how it was encouraging to know that there were others struggling with difficult concepts. Initial faculty impressions are that the SAIL activities deepened student understanding and while there is always room for improvement, the general concepts will be reused in future iterations of the course. 
